Introduction
============

Lung cancer is one of the most common human malignancies in China and worldwide ([@b1-ol-0-0-10436],[@b2-ol-0-0-10436]). The 5-year overall survival rate for lung cancer is \<20%, which is largely due to late diagnosis ([@b3-ol-0-0-10436]). Patients with lung cancer are often diagnosed at advanced stages, when treatment options are limited ([@b4-ol-0-0-10436]). Platinum-based chemotherapy is recommended for patients with metastatic disease, and the administration of concurrent chemotherapy and radiation is beneficial for advanced lung cancer ([@b5-ol-0-0-10436]). Cisplatin and carboplatin are widely used first-line clinical therapeutic drugs ([@b6-ol-0-0-10436]). However, lung cancer cells become resistant to these drugs, which prevents an effective therapeutic response ([@b7-ol-0-0-10436]). Thus, the identification of novel biomarkers to predict multidrug resistance and serve as therapeutic targets may provide alternative strategies to improve the survival of patients with advanced lung cancer.

It has been reported that several genes are involved in multidrug resistance to chemotherapy in patients with lung cancer ([@b8-ol-0-0-10436]). Among these, members of the multidrug resistance protein (MRP) family, including MRP1, MRP2 and MRP3, are highly expressed and associated with chemotherapy resistance in lung cancer ([@b9-ol-0-0-10436]). Similarly, increased expression levels of P-glycoprotein (P-gp), which is encoded by the human multidrug resistant 1 (MDR1) gene, are associated with resistance to vinca alkaloids ([@b10-ol-0-0-10436]), etoposide ([@b11-ol-0-0-10436]), and taxanes ([@b12-ol-0-0-10436]) in patients with lung cancer. CA916798 has been identified as a novel multidrug resistance gene in cis-dichlorodiamine platinum (CDDP)-resistant lung adenocarcinoma cells ([@b13-ol-0-0-10436]). Overexpression of CA916798 in lung cancer cells enhances resistance to multiple chemotherapeutic agents by regulating CDDP-induced cell growth and apoptosis ([@b14-ol-0-0-10436]). Mechanistically, CA916798 may exert its multidrug resistance functions via the phosphoinositide 3-kinase/AKT signaling pathway ([@b15-ol-0-0-10436],[@b16-ol-0-0-10436]). However, the majority of previous studies have focused on the molecular characteristics, biological functions and molecular mechanism of CA916798 in lung cancer ([@b14-ol-0-0-10436]--[@b18-ol-0-0-10436]). It is still unknown whether CA916798 expression is associated with platinum-based chemotherapy in tumor tissues from patients with lung cancer.

The present study evaluated the messenger RNA (mRNA) and protein expression levels of CA916798 in tumor tissues prior and subsequent to chemotherapy in patients with advanced lung cancer. Both the mRNA and protein expression levels of CA916798 were altered in chemotherapy-sensitive lung cancer tissues. The present study further evaluated the prognostic implications of CA916798 mRNA and protein expression levels in patients with lung cancer.

Materials and methods
=====================

### Patients and tissue samples

Patients newly diagnosed with lung cancer at the Southwest Hospital of the Third Military Medical University (Chongqing, China) were enrolled between March and December 2016. Tissue specimens were collected prior to chemotherapy and following 2 cycles (with each cycle repeated every 3 weeks) of chemotherapy by bronchoscopy. The patients were under conscious sedation and intubated with a flexible bronchoscope (Olympus Corporation). A transbronchial lung biopsy was performed under fluoroscopic guidance. The bronchopulmonary segment for obtaining specimens was determined prior to the procedure based on computed tomography (CT) of the chest. The demographic characteristics of the patients, including age, sex and smoking status, were collected through a questionnaire. The clinicopathological characteristics of the patients, including pathological stage (TNM staging system) ([@b19-ol-0-0-10436]), maximum tumor diameter and histological type, were collected through hospital examinations, including CT and pathological examination. The inclusion criteria were: i) Patients who were diagnosed by histology or cytology as exhibiting lung cancer, including lung squamous cell carcinoma, lung adenocarcinoma and small cell lung cancer; ii) patients with advanced lung cancer, including stage III and IV lung cancer; iii) patients who had never received any radiation or chemotherapy; iv) patients who had received ≥2 cycles of first-line chemotherapy; and v) patients who were able to comply with the study and follow-up. The exclusion criteria were: i) Patients who had received surgery; ii) patients who refused treatment; and iii) patients who had been diagnosed with other malignancies. According to the inclusion and exclusion criteria, 30 patients were included in the study. Written informed consent was obtained from all the patients. The research protocol was approved by the Ethics Committee of the Third Military Medical University.

### Reverse transcription-quantitative polymerase chain reaction (RT-qPCR) analysis

Total RNA was isolated from tumor tissues using TRIzol^®^ reagent (Takara Biotechnology Co., Ltd.) according to the manufacturer\'s instructions. The concentration and purity of the RNA samples were evaluated by an ultraviolet spectrophotometer (Thermo Fisher Scientific, Inc.). The integrity of the RNA samples was determined by agarose gel electrophoresis. Upon quantification, 1 µg total RNA was reverse transcribed into complementary DNA using PrimeScript™ RT reagent kit with gDNA eraser (Takara Biotechnology Co., Ltd.). The temperature protocol for the RT-PCR was as follows: 37°C for 15 min, followed by 85°C for 5 sec. qPCR was conducted using SYBR Premix Ex Taq (Takara Biotechnology Co., Ltd.) in a CFX 96 thermal cycler (Bio-Rad Laboratories, Inc.). The thermocycling conditions for the qPCR was as follows: 95°C for 30 sec, followed by 40 cycles of 95°C for 5 sec, 60°C for 30 sec and 72°C for 30 sec, followed by a final step of 72°C for 2 min. The expression levels of GAPDH were used as the internal control. Quantification cycle (Cq) values of GAPDH mRNA \<25 and Cq values of CA916798 mRNA \<35 were considered of good quality. The 2^−ΔΔCq^ method ([@b20-ol-0-0-10436]) was used to calculate the relative expression of CA916798 as follows: ΔCq=Cq~(CA916798)~-Cq~(GAPDH)~, where ΔΔCq=ΔCq~(post-chemotherapy)~-ΔCq~(pre-chemotherapy)~ and fold-change=2^−ΔΔCq^. The primers used in RT-qPCR analysis were synthesized by Sangon Biotech Co., Ltd., and the sequences are as follows: CA916798 forward, 5′-GCTTCCTCCTCAACCTCGTCCT-3′ and reverse, 5′-GTAGCCCACTTATCCACCTTCTCC-3′; and GAPDH forward, 5′-AAGGTGAAGGTCGGAGTCAAC-3′ and reverse, 5′-GGGGTCATTGATGGCAACAATA-3′.

### Immunohistochemistry (IHC) analysis

Tumor tissues were obtained by bronchoscopy, fixed in 10% buffered formalin for 24 to 48 h at room temperature, paraffin embedded and sectioned at a thickness of 4 µm. The paraffin-embedded lung cancer tissue sections were deparaffinized in xylene, rehydrated through graded alcohol (95, 80 and 70%) to water and immersed in citrate buffer (pH 6.0). Antigen retrieval was accomplished using 0.05 M glycine-HCl buffer (pH 3.5) containing 0.01% EDTA at 95°C for 15 min. The sections were blocked with 5% BSA (Boster Biological Technology) and 0.1% Triton in PBS for 30 min at 37°C. The sections were then incubated overnight at 4°C in citrate buffer with anti-CA916798 antibody (1:200). The anti-CA916798 polyclonal antibody was produced and gifted by Dr Haijing Wang at the Army Military Medical University (Chongqing, China) ([@b14-ol-0-0-10436]). The sections were then incubated with horseradish peroxidase-conjugated secondary antibody (1:1,000; cat. no. ab6721; Abcam) for 30 min at room temperature. A section incubated with PBS instead of primary anti-CA916798 antibody was used as a negative control. The positive control was a positive biopsy from our previous study ([@b18-ol-0-0-10436]). Immunostaining was evaluated by 2 pathologists blinded to the results. The immunohistochemical images were obtained at ×200 magnification under an optical microscope (Olympus Corporation). For each section, 5 visual fields were randomly selected to calculate the percentage of CA916798-positive cells. The intensity of CA916798 protein expression was scored and divided into 4 levels according to the percentage of CA916798-positive cells: 0 (negative staining) for 0--10%; 1 (weak positive staining) for 10--25%; 2 (moderate positive staining) for 25--75%; and 3 (strong positive staining) for 75--100%. A score of 0 was defined as negative and a score of 1--3 was defined as positive.

### Patient follow-up and therapeutic evaluation

All patients were treated with first-line platinum-based chemotherapy on day 1, and repeated every 3 weeks (120 mg cisplatin, 45 mg lobaplatin or 140 mg nedaplatin in combination with 1,800 mg gemcitabine, 120 mg docetaxel, 240 mg irinotecan or 240 mg paclitaxel liposome). Subsequently, CT imaging was conducted to evaluate the response to chemotherapy following 2 cycles of therapy. Response Evaluation Criteria in Solid Tumors version 1.1 ([@b21-ol-0-0-10436]) was used to classify patients into complete response (CR), partial response (PR), stable disease (SD) and progressive disease (PD) groups. Patients were considered to be responsive to chemotherapy when they exhibited a CR or PR. Patients who had SD or PD were classified as non-responsive. Progression-free survival time was defined from the first day of chemotherapy to disease progression, tumor-induced mortality or last follow-up. All patients were actively followed up within 6 months of diagnosis, with subsequent annual follow-ups by telephone interview or outpatient visit.

### Statistical analysis

Statistical analyses were conducted using SPSS 22.0 software (IBM Corp.) and graphs were generated with GraphPad Prism 5.0 (GraphPad Software, Inc.). Continuous variables were compared with either unpaired or paired Student\'s t-test. Fisher\'s exact test was used to assess the differences in proportions between 2 groups. Progression-free survival was analyzed by the Kaplan-Meier method with upregulated and downregulated expression of CA916798. A multivariate Cox proportional hazards regression analysis was used to explore the prognostic significance of CA916798 expression. Two-sided P\<0.05 was considered to indicate a statistically significant difference.

Results
=======

### Demographic and clinicopathological characteristics

A total of 30 patients were included in the present study, of which 83.3% (25/30) were male, with an overall mean age of 59.17±8.22 years. In total, 66.7% (20/30) of patients had non-small cell lung cancer. According to the American Joint Committee on Cancer Tumor-Node-Metastasis staging system ([@b19-ol-0-0-10436]), 56.7% (17/30) of patients had stage III cancer and 43.3% (13/30) had stage IV cancer. The mean maximum tumor diameter was 70.06±23.52 mm ([Table I](#tI-ol-0-0-10436){ref-type="table"}). All patients received platinum-based chemotherapy for 2 cycles. A total of 19 patients who achieved CR or PR were assigned to the chemotherapy-sensitive group, while 11 patients who had SD or PD were assigned to the chemotherapy-resistant group according to CT manifestations ([Fig. S1](#SD1-ol-0-0-10436){ref-type="supplementary-material"}). As shown in [Table I](#tI-ol-0-0-10436){ref-type="table"}, response to chemotherapy was not associated with age, sex, pathological stage, smoking status or maximum tumor diameter, while the association between drug resistance and histological type was significant (P=0.049).

### CA916798 mRNA expression is downregulated post-chemotherapy in chemotherapy-sensitive patients with lung cancer

Tumor samples were collected from 30 patients prior to chemotherapy and following 2 cycles of chemotherapy. Subsequently, the dynamic changes in CA916798 mRNA expression levels were investigated in the 30 paired lung cancer tissues using RT-qPCR. CA916798 mRNA expression levels were significantly downregulated in post-chemotherapy tumor tissues compared with those in pre-chemotherapy tissues in chemotherapy-sensitive patients (P\<0.05) ([Fig. 1A](#f1-ol-0-0-10436){ref-type="fig"}). However, CA916798 mRNA expression levels did not significantly change in chemotherapy-resistant lung cancer samples (P\>0.05) ([Fig. 1B](#f1-ol-0-0-10436){ref-type="fig"}). The fold-change in CA916798 mRNA levels following chemotherapy, normalized to GAPDH and relative to the expression levels prior to chemotherapy, was calculated for each patient. The fold-change in CA916798 mRNA expression levels in the chemotherapy-sensitive lung cancer group of patients was significantly lower compared with those in the chemotherapy-resistant group (P\<0.05) ([Fig. 1C](#f1-ol-0-0-10436){ref-type="fig"}).

### CA916798 protein expression is downregulated following chemotherapy in chemotherapy-sensitive patients with lung cancer

To identify the protein expression levels of CA916798 in lung cancer tissues, IHC staining of tumor specimens was used to analyze the protein expression levels of CA916798. CA916798 protein was positively detected in nearly all biopsy specimens from the patients with lung cancer prior to chemotherapy. However, the IHC staining after 2 cycles of chemotherapy showed that CA916798 protein was only positively stained in 42.1% (8/19) of samples from chemotherapy-sensitive patients, which was significantly lower than the percentage exhibited by chemotherapy-resistant patients (P\<0.05) ([Table II](#tII-ol-0-0-10436){ref-type="table"}). The positive staining of CA916798 protein was also compared before and after chemotherapy. In chemotherapy-sensitive patients, the expression of CA916798 was significantly decreased post-chemotherapy in 89.5% (17/19) of lung cancer cases compared with that in chemotherapy-resistant patients (P\<0.05) ([Table II](#tII-ol-0-0-10436){ref-type="table"}). Representative IHC staining results of CA916798 are shown in [Fig. S2](#SD1-ol-0-0-10436){ref-type="supplementary-material"}.

### Expression of CA916798 is associated with progression-free survival in patients with lung cancer

Since CA916798 expression levels were associated with the response to chemotherapy, the present study further explored the prognostic significance of CA916798 expression in lung cancer. Kaplan-Meier survival analysis was performed to explore the association between CA916798 mRNA expression and progression-free survival time of the patients. The patients were divided into two groups: A CA916798 mRNA downregulated group, which included patients with downregulated expression of CA916798 mRNA post-chemotherapy and a CA916798 mRNA upregulated group, which included patients with upregulated expression of CA916798 mRNA post-chemotherapy. The downregulated expression of CA916798 mRNA post-chemotherapy was significantly associated with improved progression-free survival time (P=0.009) ([Fig. 2A](#f2-ol-0-0-10436){ref-type="fig"}). The association with progression-free survival time in patients with lung cancer remained significant in multivariate Cox proportional-hazards regression analysis upon adjusting for age, sex, histological type, pathological stage, smoking status and maximum tumor diameter \[n=30; hazard ratio (HR), 0.304; 95% confidence interval (CI), 0.114--0.807; P=0.017\]. Consistent with the results of CA916798 mRNA expression, Kaplan-Meier analysis also indicated that downregulated protein expression of CA916798 post-chemotherapy was significantly associated with improved progression-free survival time (P\<0.001) ([Fig. 2B](#f2-ol-0-0-10436){ref-type="fig"}). Upon adjusting for age, gender, histological type, pathological stage, smoking status and maximum tumor diameter, the Cox proportional hazard model indicated that downregulated protein expression of CA916798 was an independent prognostic factor for lung cancer (n=30; HR, 0.145; 95% CI, 0.050--0.418; P\<0.001).

### Changes in CA91679 expression are associated with response to continued chemotherapy in patients with lung cancer and SD

Following 2 cycles of chemotherapy, 11 patients with lung cancer were resistant to chemotherapy. These SD patients continued treatment with first-line platinum-based chemotherapy. Of these, only 3 patients exhibited response to continued chemotherapy, which was associated with changes in CA91679 protein expression ([Table III](#tIII-ol-0-0-10436){ref-type="table"}). In the SD patients who were resistant to continued chemotherapy, 100% (8/8) of the patients displayed upregulation of CA916798 protein expression following 2 cycles of chemotherapy, which was significantly higher than the percentage exhibited by chemotherapy-sensitive patients (P=0.005) ([Table III](#tIII-ol-0-0-10436){ref-type="table"}).

Discussion
==========

The present study demonstrated that CA916798, a novel multidrug resistance gene, was downregulated following 2 cycles of chemotherapy in chemotherapy-sensitive patients with lung cancer. In addition, CA916798 expression level was demonstrated to be an independent predictor for progression-free survival time in patients with advanced lung cancer.

Primary therapeutic strategies for lung cancer include surgical treatment, radiation therapy, targeted therapy, immunotherapy and chemotherapy ([@b22-ol-0-0-10436],[@b23-ol-0-0-10436]). For early-stage lung cancer, surgery is the major treatment modality to improve both overall survival time and progression-free survival time ([@b24-ol-0-0-10436]). However, based on the preponderance of advanced-stage diagnoses, chemotherapy is still used for the treatment of lung cancer ([@b25-ol-0-0-10436],[@b26-ol-0-0-10436]). For patients receiving chemotherapy, multidrug resistance limits the ability to treat advanced lung cancer effectively ([@b27-ol-0-0-10436]). Multidrug resistance is a phenomenon that allows cancer cells to become resistant to multiple structurally and mechanistically distinct anticancer drugs ([@b28-ol-0-0-10436]). Multidrug resistance, existing prior to chemotherapy or appearing upon exposure to anticancer drug treatment, can be attributed to different mechanisms ([@b29-ol-0-0-10436],[@b30-ol-0-0-10436]). The most studied mechanism of multidrug resistance is drug efflux, which is caused by ATP-binding cassette transporters ([@b31-ol-0-0-10436]). P-glycoprotein 1 or MDR1 and MRP2 are typical efflux transmembrane proteins that are involved in multidrug resistance in various types of cancers ([@b32-ol-0-0-10436],[@b33-ol-0-0-10436]). However, these genes are not fully responsible for the mechanism of multidrug resistance, and the clinical evidence is inconclusive with regard to an association between these genes and outcomes in lung cancer ([@b34-ol-0-0-10436]). Thus, a better understanding of novel molecular determinants of multidrug resistance is important. Establishment of novel predictive and prognostic biomarkers of multidrug resistance is one of the most important strategies to overcome chemotherapy resistance in lung cancer.

In our previous studies, CA916798 was identified as a novel gene in a multidrug resistant cell line by suppression subtractive hybridization ([@b13-ol-0-0-10436]). Gain- and loss-of-function of CA916798 in lung cancer cell lines were investigated, which revealed that CA916798 could enhance cell resistance to chemotherapeutic agents ([@b14-ol-0-0-10436],[@b15-ol-0-0-10436]). However, the clinical value of CA916798 expression remained uncertain. In the present study, following 2 cycles of standard chemotherapy, 63.3% (19 out of 30) of patients responded to drug treatments effectively. Dynamic changes in CA916798 mRNA and protein expression levels were observed in tumor tissues following 2 cycles of standard chemotherapy. In the chemotherapy-sensitive patients, both the CA916798 mRNA and protein expression levels were downregulated following 2 cycles of chemotherapy. However, the CA916798 mRNA and protein expression levels were upregulated following chemotherapy in chemotherapy-resistant patients. A previous study also reported that the expression of MRP1 was significantly upregulated following treatment with platinum-based combinations in lung cancer ([@b35-ol-0-0-10436]). Similarly, increased MDR1 mRNA and protein expression levels have been associated with chemotherapy ([@b36-ol-0-0-10436],[@b37-ol-0-0-10436]). These studies, alongside those on CA916798, suggest that platinum-based chemotherapy may induce the expression of multidrug resistance genes.

The present study has elucidated how CA916798 expression level changed following 2 cycles of platinum-based chemotherapy. Thus, the expression of CA916798 may be a predictive and prognostic biomarker for chemotherapy sensitivity in patients with advanced lung cancer. The present study further explored the prognostic significance of CA916798 expression. Downregulated CA916798 mRNA and protein expression levels were associated with improved progression-free survival in lung cancer. Thus, if CA916798 expression in tumor tissue is downregulated following 2 cycles of chemotherapy, the patient will have an improved prognosis. Conversely, if CA916798 expression is upregulated following 2 cycles of chemotherapy, the patient will have a poor prognosis. These results suggested that CA916798 expression could be a novel biomarker for predicting progression of lung cancer following platinum-based chemotherapy.

In clinical practice, it is often difficult for doctors to select between continuing chemotherapy or replacing it with other treatment options, such as radiotherapy or biological therapy, for patients with SD who had no significant reduction in lesions following 2 cycles of chemotherapy. In the present study, 11 patients who had SD following 2 cycles of chemotherapy continued treatment with platinum-based chemotherapy. Of these, 8 patients with upregulated CA916798 protein expression were resistant to continued chemotherapy. However, 3 patients with downregulated (or unchanged) CA916798 protein expression were sensitive to continued chemotherapy. The results suggested that, if CA916798 expression was upregulated following 2 cycles of chemotherapy, patients with SD may remain resistant to continued chemotherapy and the type of treatment should be changed.

Several limitations exist in the present study. Firstly, in order to explore the dynamic changes in CA916798 expression, tumor tissues should be collected from patients prior to chemotherapy and following 2 cycles of chemotherapy. Due to the strict inclusion and exclusion criteria, the sample size was limited, which may not ensure sufficient statistical power. The results require validation in further studies with larger sample size. Secondly, the histological type in the present study was complex, since it included non-small cell lung cancer (lung adenocarcinoma and lung squamous cell carcinoma) and small cell lung cancer. In the present study, small cell lung cancer may have been more sensitive to chemotherapy compared with non-small cell lung cancer. Since different histological types of lung cancer may have different sensitivities to chemotherapy ([@b38-ol-0-0-10436]), subgroup analysis of different histological types of lung cancer is also required.

In conclusion, the present study demonstrated that both CA916798 mRNA and protein expression levels are downregulated post-chemotherapy in chemotherapy-sensitive patients with lung cancer, but not in chemotherapy-resistant patients. Furthermore, the dynamic change in CA916798 mRNA or protein expression level post-chemotherapy is an independent prognostic factor for lung cancer. These findings suggest that CA916798 may be a promising biomarker to predict chemotherapy resistance and optimize therapy for patients with lung cancer.
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![CA916798 mRNA expression levels prior and subsequent to 2 cycles of chemotherapy in lung cancer tissues. (A) CA916798 mRNA expression levels prior and subsequent to 2 cycles of chemotherapy in the chemotherapy-sensitive group. ΔCq was used to show the expression level of CA916798 mRNA (ΔCq=CqCA916798-CqGAPDH). Lower ΔCq values indicate higher expression. \*P\<0.05 pre-chemotherapy vs. post-chemotherapy using paired Student\'s t-test. (B) CA916798 mRNA expression levels prior and subsequent to 2 cycles of chemotherapy in the chemotherapy-resistant group. ΔCq was used to show the expression level of CA916798 mRNA (ΔCq=CqCA916798-CqGAPDH). Lower ΔCq values indicate higher expression. No significant difference between pre-chemotherapy and post-chemotherapy using paired Student\'s t-test. (C) Relative CA916798 mRNA expression in lung cancer tissues post-chemotherapy compared with that pre-chemotherapy. \*P\<0.05 chemotherapy-sensitive group vs. chemotherapy-resistant group using Student\'s t-test. mRNA, messenger RNA; Cq, quantification cycle; n.s, not significant.](ol-18-02-1171-g00){#f1-ol-0-0-10436}

![Kaplan-Meier curves for progression-free survival of patients with lung cancer based on the change in CA916798 expression levels. (A) Kaplan-Meier curves for progression-free survival time of patients with lung cancer with upregulated and downregulated CA916798 messenger RNA expression. \*\*P\<0.001 by log-rank test. (B) Kaplan-Meier curves for progression-free survival time of patients with lung cancer with upregulated and downregulated CA916798 protein expression. \*\*P\<0.001 by log-rank test.](ol-18-02-1171-g01){#f2-ol-0-0-10436}

###### 

Demographic and clinical characteristics of chemotherapy-sensitive (n=19) and -resistant (n=11) lung cancer patients in the present study.

                                                                                        Response to chemotherapy                 
  ----------------------------------------------------------------------- ------------- -------------------------- ------------- -----------------------------------------------------
  Total patients                                                          30 (100.00)                                            
  Age at diagnosis, years^[a](#tfn1-ol-0-0-10436){ref-type="table-fn"}^                 58.26±9.37                 60.73±5.82    0.703^[b](#tfn2-ol-0-0-10436){ref-type="table-fn"}^
  Sex, n (%)                                                                                                                     
    Male                                                                  25 (83.33)    15 (78.95)                 10 (90.91)    0.626^[c](#tfn3-ol-0-0-10436){ref-type="table-fn"}^
    Female                                                                5 (16.67)       4 (21.05)                  1 (9.09)    
  Histological type, n (%)                                                                                                       
    NSCLC                                                                 20 (66.67)    10 (52.63)                 10 (90.91)    0.049^[c](#tfn3-ol-0-0-10436){ref-type="table-fn"}^
    SCLC                                                                  10 (33.33)      9 (47.37)                  1 (9.09)    
  Pathological stage, n (%)                                                                                                      
    III                                                                   17 (56.67)      9 (47.37)                  8 (72.73)   0.259^[c](#tfn3-ol-0-0-10436){ref-type="table-fn"}^
    IV                                                                    13 (43.33)    10 (52.63)                   3 (27.27)   
  Smoking status, n (%)                                                                                                          
    Smoker                                                                24 (80.00)    14 (73.68)                 10 (90.91)    0.372^[c](#tfn3-ol-0-0-10436){ref-type="table-fn"}^
    Never                                                                 6 (20.00)       5 (26.32)                  1 (9.09)    
  Maximum tumor diameter^[a](#tfn1-ol-0-0-10436){ref-type="table-fn"}^                  65.52±20.28                77.93±27.52   0.553^[b](#tfn2-ol-0-0-10436){ref-type="table-fn"}^

Mean ± standard deviation.

Student\'s t-test.

Fisher\'s exact test. CR, complete response; PR, partial response; SD, stable disease; PD, progressive disease; NSCLC, non-small cell lung cancer.

###### 

Associations between CA916798 protein expression level and chemotherapy response in chemotherapy-sensitive (n=19) and -resistant (n=11) lung cancer patients in the present study.

                                                  Response to chemotherapy                 
  ----------------------------------------------- -------------------------- ------------- -------------------------------------------------------
  CA916798 protein level pre-chemotherapy                                                  \>0.05^[a](#tfn4-ol-0-0-10436){ref-type="table-fn"}^
    Positive (n=28)                               18 (94.74)                 10 (90.91)    
    Negative (n=2)                                1 (5.26)                   1 (9.09)      
  CA916798 protein level post-chemotherapy                                                 0.002^[a](#tfn4-ol-0-0-10436){ref-type="table-fn"}^
    Positive (n=19)                               8 (42.11)                  11 (100.00)   
    Negative (n=11)                               11 (57.89)                 0 (0.00)      
  Changes of CA916798 protein post-chemotherapy                                            \<0.001^[a](#tfn4-ol-0-0-10436){ref-type="table-fn"}^
    Downregulated (n=18)                          17 (89.47)                 1 (9.09)      
    Upregulated (n=8)                             0 (0.00)                   8 (72.73)     
    Unchanged (n=4)                               2 (10.53)                  2 (18.18)     

Fisher\'s exact test. CR, complete response; PR, partial response; SD, stable disease PD, progressive disease.

###### 

Associations between CA916798 protein expression level and response to continued chemotherapy in chemotherapy-sensitive (n=3) and -resistant (n=8) patients with stable lung cancer.

                                                  Response to continued chemotherapy                
  ----------------------------------------------- ------------------------------------ ------------ -------
  Changes in CA916798 protein post-chemotherapy                                                     0.005
    Upregulated (n=8)                             0 (0.00)                             8 (100.00)   
    Downregulated (n=1)                           1 (33.33)                            0 (0.00)     
    Unchanged (n=2)                               2 (66.67)                            0 (0.00)     
